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1  Introduction
One	crucial	aspect	of	understanding	prehistoric	economi-
cal	 systems	 is	 their	 ability	 to	 spread	 into	marginal	 areas	
and	 to	adapt	 to	different	 resources	and	 inhabitated	areas	
on	 a	 locale	 scale.	 Situated	 in	 central	Northern	Germany,	
the	area	of	the	Jeetzel	valley	is	such	a	marginal	area	charac-
terised	by	extensive	low-lying	wetlands	and	isolated	dune	
ridges	 providing	 potential	 areas	 for	 past	 human	 occupa-









lakes	 in	 the	 adjacent	 areas	 for	palynological	 studies	 (e.g.	
Christiansen	2008,	Beug	2011,	Jahns	et	al.	2013)	are	only	
Fig. 1: A – Location of the Soven site 
within the North European Plain and the 
Jeetzel valley; B – Simplified geological 
map of the area of the Jeetzel valley.
Abb. 1: A – Lage der Fundstelle Soven in-
nerhalb der Norddeutschen Tiefebene und 
der Jeetzel-Niederung; B – Vereinfachte 
geologische Übersichtskarte der Jeetzel-
Niederung.
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of	 partial	 use	 for	 the	 detection	of	 small-scale	human	 ac-
tivity.	They	are	 too	 remote	and	 local	minor	environmen-
tal	disturbances	are	difficult	to	detect	in	such	records	that	




Given	 the	 good	 results	 from	 palaeochannel	 sediments	
as	 local	geo-bio-archives	(Turner	et	al.	2013)	and	the	re-
location	 of	 aeolian	 sediments	 as	 sensitive	 indicator	 for	
soil	erosion	induced	by	land-use	(Tolksdorf	et	al.	2013a),	
a	combination	of	both	archives	is	a	promising	strategy	to	
investigate	 the	 land-use	history	 in	 the	 Jeetzel	valley.	The	
reconstruction	 of	 land-use	 history	 will	 subsequently	 be	
compared	to	the	local	archaeological	evidence	to	test	if	it	is	
mirrored	by	the	environmental	proxies.
2  Geology and topography
The	study	 site	 is	 located	near	Soven	 in	 the	 Jeetzel	valley	



















period	 (Tolksdorf	 et	 al.	 2013a).	That	 these	 dunes,	 espe-
cially	the	dune	near	Soven	studied	here	(Fig.	1),	provided	
a	 favourable	area	 for	prehistoric	human	activities	within	









(Breest	 1997a,	Brodowski	 1998).	 Younger	 artefacts	 have	




A	 reassessment	 of	 the	 site	 in	 2009–2011	 with	 a	 topo-
graphic	 survey	 using	 DGPS	measurements,	 aerial	 photo-
graphs	and	sediment	cores	revealed	a	series	of	palaeochan-
nels	in	the	immediate	vicinity	of	the	dune.	To	estimate	the	
stratigraphical	 order	 of	 the	 channel	 generations,	 samples	
were	taken	from	the	basal	lacustrine	sediments	of	the	chan-
nel	fills	for	palynological	 investigations.	The	species	com-






















1 Channel abandoned since the Late Glacial




























Fig. 2: A – Historical land-use based on a map from 1779 (Kurhannoversche Landesaufnahme); B – Site topography with analysed profiles SOV1–SOV3 and 
generations of river palaeochannels as derived from aerial photos and palynostratigraphically analysed sediment cores.
Abb. 2: A – Historische Landnutzung des Gebietes auf Grundlage einer Karte von 1779 (Kurhannoversche Landesaufnahme); B – Topographie der Fundstelle 
mit den analysierten Profilen SOV1–3 und den anhand von Luftbildern und palynostratigraphisch korrelierten Bohrungen rekonstruierten Altarmgenerationen.




3.1  Sampling strategy
The	dune	 ridge	with	 a	maximum	 elevation	 of	 15	m	 a.s.l.	
rises	for	about	three	metres	above	the	valley	floor	and	rep-
resents	the	most	prominent	topographic	feature	in	the	area	




For	 radiocarbon	 dating	 (14C)	 and	 anthracological	 studies,	
two	charcoal	samples	were	extracted	by	dry	sieving	at	two
different	places	 from	 the	 rim	of	 the	 sand	pit	 in	2009	and	
2011;	one	sample	was	taken	for	palynological	analysis	from	
the	same	depth	as	the	archaeological	artefacts.	The	profile	
SOV2	was	 recovered	at	 the	 southern	base	of	 the	dune	at	
the	transition	from	the	valley	floor	to	the	palaeochannel;	
it	aimed	at	detecting	potential	sediment	relocations	in	this	
area	 by	 sedimentological	 and	 palaeobotanical	 criteria,	 as	
well	as	OSL	age	estimates	(luminescence	samples	SOV2-1	
and	SOV2-2).	The	core	SOV3	was	 taken	from	the	deepest	
part	 of	 this	 structure	 at	 the	 closest	 distance	 to	 the	 dune	
profiles	 for	palynological	and	sedimentological	studies	of	
the	palaeochannel	sediments	(Figs.	2B	and	3).
3.2  Radiocarbon 14C-dating
While	one	AMS-14C	age	estimate	was	obtained	from	char-
coals	 of	 the	 Mesolithic	 layer	 in	 SOV1,	 three	 AMS-14C	
samples	 were	 dated	 from	 SOV3	 in	 order	 to	 develop	 an	










number	of	dates,	 the	 results	are	considered	as	 rough	age	
estimates	only.
3.3  Optically stimulated luminescence (OSL) dating
The	last	exposition	of	the	sediments	to	sunlight	(~	time	of	
deposition)	was	determined	on	samples	 from	the	profiles	




sequently	 to	 the	 extraction	of	 the	grain	 size	 fraction	 175	
±	25	µm,	organic	matter,	clay	and	carbonates	were	elimi-
nated	by	 treatment	with	H2O2,	Na2C2O4	 and	HCl,	 respec-
tively.	Then	the	quartz	grains	were	separated	using	density	
fractioning,	 and	 the	 remaining	material	was	 etched	with	
HF	(45%)	for	45	min	and	mounted	on	stainless	steal	discs.	
























Fig. 3: Schematic transect presenting the sedimentary sequence from the dune ridge to the channel with the location of the profiles SOV1, SOV2 and the 
coring SOV3.
Abb. 3: Schematischer Transekt mit Sedimentabfolge von der Dünenkuppe bis zum Altarm mit Lage der Profile SOV1, SOV2 und Kern SOV3.














3.4  Archaeological age estimation and charcoal spectra 





ny;	Gehlen	 2009)	 by	 B.	Gehlen	 (University	 of	Cologne).	
The	 statistical	 tool	 of	 seriation	 is	 used	 in	 archaeology	 to	
obtain	chronological	information	about	the	relative	age	of	
assemblages	based	on	 the	presence,	 absence	 and	propor-
tion	of	artefact	 types.	A	main	drawback	 is	 the	 still	 small	
number	of	well	dated	Mesolithic	sites	with	short-timed	set-
tlement	 or	 separated	 layers	 of	 occupation.	Moreover	 the	
tasks	performed	at	 a	distinct	 site	 or	 local	 cultural	 trends	






for	anthracological	 analyses	 (Tab.	 3).	Assuming	 that	 they	
derive	 from	anthropogenic	burning,	 they	 can	provide	 in-
formation	about	the	use	of	the	local	vegetation.	Taxonomi-
cal	 identification	 was	 performed	 by	 a	 stereo	microscope	
(Nikon	SMZ1500,	magnifications	of	7.5x–112.5x)	and	an	in-




ber	 (1990a,	 b).	Determinations	were	additionally	 checked	
with	the	reference	collection	of	the	Palaeoecology	Working	
Group,	Institute	for	Ecosystem	Research,	University	of	Kiel.	
3.5  Loss-on-ignition (LOI) and grain size
With	respect	to	the	environmental	setting,	the	proportion	
and	size	of	minerogenic	material,	both	in	the	profiles	with	














measured	 throughout	 the	 core	 SOV3	 using	 the	 Scheibler	
method.	This	 is	based	on	 the	volumetric	measurement	of	
CO2	from	the	conversion	of	CaCO3	by	HCl.	Phosphate	was	
determined	by	photometric	 analysis	 of	 the	 reaction	with	







3.7  Urease analysis
In	order	to	detect	the	presence	of	humans,	animals	or	live-
















lution	 (C19H14O5S).	The	 intensity	 of	 colour	 change	 in	 the	
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tained	only	 the	 samples	 from	 the	 early	 to	mid-Holocene	
period	(55–103	cm	depth,	mainly	comprising	the	Atlantic	







by	 comparing	 the	 artefact	 assemblage	 to	 other	 sites	 by	
means	of	present	artefact	 types.	As	especially	microlithic	
points	have	been	established	 to	be	 chronologically	 sensi-
tive	types	of	tools,	the	presence	of	simple	points	together	
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B Depth of artefact scatter (Fig. 4B)
D
C
C Charcoal spectra with 14C age (Fig. 5C; Tab.2))





[m asl.] [%] [%] [KA5]
13.2 ± 2.1 ka
13.0 ± 1.3 ka
9255-9443 caBP






> late 10th millenium BP 
1 2 3 4
5 6 7 8 9
10 11 12
Fig. 4: A – Profile SOV1 with OSL and 14C ages; B – Artefacts from the Soven site (selection, drawing by K. Breest 1997a), and archaeological age estimate: 
1–3: microlithic points, 4–10: triangles, 11: segment, 12: scraper
Abb. 4: A – Profil SOV1 mit OSL und 14C Alterseinschätzungen; B – Archäologische Funde (Auswahl, Zeichnung K. Breest 1997) mit archäologischer 
Alterseinschätzung: 1–3: einfache Spitzen, 4–10: Dreiecke, 11: Segment, 12: Kratzer.
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occupation	plus	the	lack	of	systematically	excavated	areas,	
these	 results	 indicate	 human	presence	 during	 the	 second	
half	of	the	10th	millennium	BP.	Younger	artefacts	were	not	
present	in	the	immediate	surroundings	of	the	study	area.
4.2  Profile SOV1
The	 sediments	 recorded	 in	 profile	 SOV1	 consist	 of	 aeo-
lian	sands	which	were	deposited	since	Late	Glacial	 times	
as	 indicated	 by	OSL	 ages	 of	 13.16  ±  2.1	 ka	 (MR-797)	 and	












Profile Lab.No. Depth H2O1 U Th K Over-
dispersion
ED2 D03 Age 
Model4
Age
[cm] [%] [ppm] [ppm] [ppm] σ % [Gy] [Gy/1000a] [ka]







12 7.60 ± 0.41 0.68 ± 0.07 CAM 11.13 ± 1.13







15 9.96 ± 0.55 0.77 ± 0.08 CAM 12.98 ± 1.28







18 11.18 ± 1.49 0.84 ± 0.13 CAM 13.16 ± 2.06







CAM 2.05 ± 0.288










0.84 ± 0.08 MAM
11.78 
(-1.13 + 1.14)
1 for age calculation a continuous water content of 7±3% was used; 2 equivalent dose; 3 dose rate; 4 CAM = Central Age Model, MAM = Minimum Age Model
72 %
17 12
Σ Trees/Shrubs Σ Wetland 
           plants
Σ Herbs
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Tab. 1: OSL-dating results. All measurements were performed in the Marburg Luminescence Lab (MLL).
Tab. 1: Ergebnisse der OSL-Datierungen. Alle Messungen wurden am Marburger Lumineszenzlabor (MLL) durchgeführt.
Fig. 5: A – Anthracologi-
cal spectra analysed 2009 
and 2011 with 14C-dating 
result obtained from 
spectrum 2009; B – Paly-
nological spectrum from 
Ae-horizon in SOV1
Abb. 5: A – Anthrakolo-
gische Spektren, die 2009 
und 2011 separat geborgen 
und analysiert wurden, 
zusammen mit einem 14C-
Alter des Spektrums aus 
2009. B – Palynologisches 
Spektrum des Ae-Horizon-
tes in Profil SOV1.
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ae.	Possible	explanations	of	the	differences	are	(i)	different	











5B)	was	 sufficiently	 preserved	 for	 analysis.	 It	 presents	 a	
local	 spectrum	 dominated	 by	 Cerealia-type	 pollen	 and	
weeds	typical	for	agricultural	landscapes	(Amaranthaceae,	
Rumex, Polygonum aviculare).	Pollen	grains	of	Fagoyprum 
and	Centaurea cyanus	 suggest	 a	 late	Medieval	 age	 at	 the	




4.3  Results from profile SOV2
The	lower	part	of	profile	SOV2	is	made	up	of	fluviatile	sands	
with	thin	intercalated	layers	of	more	organic	sands	(Fig.	6).	










4.4  Results from profile SOV3
Above	 the	 fluviatile	 sand,	 the	 palaeochannel	 sequence	
SOV3	 consists	 of	 sediments	 with	 varying	 organic	 con-
tent	 that	 is	 of	 lacustrine	 origin,	 as	 shown	 by	 the	 occur-
rence	of	Pediastrum	algae	plus	pollen	grains	and	macrofos-
sils	of	aquatic	plants	like	Nymphaea alba,	Nuphar pumila,	
Myriophyllum verticillatum,	 Potamogeton	 spec.,	Oenanthe 
aquatica	 and	Hottonia palustris.	Three	 radiocarbon	 dates	
from	the	lower	part	of	the	sequence	yielded	ages	of	10220–




were	 conducted	 on	 charcoal	 (KIA-48657	 and	 KIA-48658),	
clay silt fine medium coarse
sand
2 63 200 630 2000 µm
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Fig. 6: Profile SOV2 with 
OSL ages and location of 
palynological samples
Abb. 6: Profil SOV2 mit Er-
gebnissen der OSL-Analyse 
und Position der palynolo-
gischen Proben.














et	 al.	 2012)	 and	 compilations	 form	Northwestern	 Europe	
(Parker	et	al.	2002).
Using	CONISS	and	 the	broken	 stick	model,	 the	pollen	
record	 was	 split	 into	 four	 significant	 zones	 (Fig.	 8).	The	




Zone	 A	 (109–101  cm	 depth)	 is	 characterised	 by	 the	
change	from	fluviatile	to	lacustrine	sedimentation,	marked	
by	fining	up	deposits	and	 increasing	LOI.	While	 the	per-


































separated	 (Fig.	9A).	Beyond	the	ordination,	 results	of	 the	
palynological	dataset	mainly	represent	changes	in	tree	pol-
len	 composition	 that	 are	 relatively	 difficult	 to	 explain	 in	
terms	of	local	environmental	gradients	and	disturbances.	




see	 Fig.	 8)	 are	 characterised	 by	 the	 occurrence	 or	 an	 in-
crease	of	pollen	 types	representing	 light	demanding	 taxa	
(Polygonum persicaria-type,	Liguliflorae,	Aster-type,	Cary-
ophyllaceae)	 and	 charcoal	 particles,	 together	 with	 local	





[BP] [cal BP] [cal BP] [‰ PDB]
SOV1 UGAMS-4609 Charcoal from artefact scatter 8320 ± 30 9298–9333
9338–9405
9255– 9443 -23.6
SOV3 KIA-48656 Botanical macroremains in channel 
sediment  (60–64 cm depth)
(Scirpus lacustris fruit (2x), Betula fr. (2x), 
Poaceae fr., cf. Phalaris arundinacea (5x), 
Potamogeton fr. (1x), Nymphaea fr. (1x), 
Carex fr. (1x), Lycopus europaeus fr. (1x), 
indet. fr. (3x), Juncus seed (1x), bud scale 
(1x), charcoal, (1x))






SOV3 KIA-48657 Charcoal (Pinus) in channel sediment  
(78–80 cm depth)







SOV3 KIA-48658 Charcoal (Pinus) in channel sediment  
(92–94 cm depth)
9125 ± 40 10228–10296
10358–10369
10220–10405 -25.9
1 UGAMS = Center for Applied Isotope Studies, University of Georgia (USA), KIA = Leibniz-Laboratory for Radiometric Dating and Isotope Research Kiel
2 IntCal09; Calib6.0
Tab. 2: 14C-dating results.
Tab. 2: Ergebnisse der 14C-Datierungen.







material	or	 faeces.	Moreover,	phases	2	 to	4	show	rises	 in	




phases	 are	 followed	 by	 local	minima	 of	 LOI,	CaCO3	 and	
pollen	of	early	successional	shrubs	and	tree	species	such	as	
Salix,	Betula	and	Alnus	(Fig.	8).	
As	 the	 three	 lowermost	 phases	may	 represent	Meso-
lithic	to	Neolithic	local	human	impact,	they	were	studied	
using	a	reduced	dataset	(55–103	cm	depth)	where	samples	
from	 the	disturbance	phases	 show	 the	highest	 scores	on	
axis	2	in	the	PCA	ordination	result	(biplot)	(Fig.	9B).	Ac-





































tion	started	 in	zone	B	that	covers	 the	 late	Boreal	and	At-










modelled age (cal BP)
no permanent 
TBK settlement 
























Fig. 7: Age-depth model of sequence SOV3 based 
on the 14C-ages and comparison with archaeologi-
cal zonation.
Abb. 7: Alter-Tiefen-Modell der Bohrung SOV3 auf
Grundlage der 14C-Alter sowie Zuordnung zu den 
archäologischen Zeitaltern.
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of	Quercus,	Alnus	and	Ulmus	within	the	forested	environ-
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dist. phase 2 (high 
phosphate values)
dist. phase 1 (high 
phosphate values)
Fig. 9: A – Biplot of principal component analysis (PCA) of all samples from SOV3 used to corroborate the estimated palynological zones. B – Biplot of 
PCA of the reduced dataset. Samples from the discussed disturbance phases 1–3 are highlighted.
Abb. 9: A – Biplot der Hauptkomponentenanalyse aller Proben zur Bestätigung der palynostratigraphischen Gruppierung. B– Biplot der Hauptkomponen-
tenanalyse mit reduziertem Datensatz. Die Proben aus den diskutierten Störungsphasen 1–3 sind hervorgehoben.
Fig. 10: Maximal proportion of Al-
nus, Quercus and Corylus pollen in 
samples attributed to the late Boreal 
within SOV3 and other late Boreal 
records of the region: In addition 
to available chronological informa-
tion, the Boreal/Atlantic boundary 
was defined by a strong increase in 
the values of Alnus pollen, which 
is well-defined in all records beside 
Soven: 1: Jeetzel, Turner (2012); 2: 
Siemen, 3: Laase, Lesemann (1969); 
4: Heuweg, Lesemann (1969), Chris-
tiansen (2008); 5: Soven (this study); 
6: Rambow, Merkt et al. (1993), 
Christiansen (2008); 7: Arendsee, 
Christiansen (2008).
Abb. 10: Maximale Anteile an Alnus-, 
Quercus- und Corylus-Pollenkörnern 
in dem in das späte Boreal datierten 
Abschnitt von SOV3 im Vergleich zu 
anderen spätborealen Pollenspek-
tren der Region. Neben vorhandener 
chronologischer Information wurde 
der Übergang vom Boreal zum Atlan-
tikum anhand des starken Anstiegs 
von Alnus-Pollen festgelegt.
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In	 the	 SOV3-sequence,	 percentages	 in	 pollen	 grains	
of	Alnus	 remain	 remarkably	 low	and	fluctuate	 compared	







nearby	 floodplain.	This	 is	 corroborated	 by	 values	 of	Ul-
mus	pollen	of	more	 than	25%	 in	one	sample	 from	an	un-
dated	preliminary	core	 in	 relatively	close	distance	 to	 the	
sequence	SOV3	(Tolksdorf	2011).	 In	addition,	 the	pollen	
record	 of	 SOV3	may	 be	 strongly	 influenced	 by	 the	 local	
dominance	of	pine	forest	on	the	adjacent	dune.	Local	pine	




runoff	directly	 into	 the	 channel	 in	 considerable	 amounts	
(Amman	1994).
The	 transition	 to	 zone	C	 is	well	marked	 by	 a	 drop	 in	



































flooding)	 remains	 difficult	 (Kuneš	 et	 al.	 2008).	 Nonethe-












lution	 of	 the	 diagram	–	may	 reflect	 repeated	 small-scale	
openings/disturbances	in	the	local	wetland	supporting	the	
growth	of	light	demanding	herbaceous	plants,	plus	higher	
phosphate	 and	 urease-activity	 in	 corresponding	 samples	
could	be	considered	as	hint	for	their	anthropogenic	origin.	



































SOV-2009 5 1 3 1 6 5




Tab. 3: Results of charcoal analysis.
Tab. 3: Ergebnisse der Holzkohlebestimmungen.
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that	 the	 spread	 of	 Neolithic	 economical	 elements	 into	
low-lying	wetlands	was	 complex	 and	 often	made	 use	 of	
the	isolated	dryer	high	grounds	provided	by	inland	dunes	
(Cappers	&	Raemaekers	 2008,	Deforce	 et	 al.	 2012).	The	
Boberger	dune	sites	near	Hamburg	bear	assemblages	with	
a	mixture	of	local	Mesolithic	material	and	imported	ceram-
ics	 from	the	Neolithic	groups	 further	 to	 the	 south	 (Ram-
minger	2012).	In	a	comparable	environmental	setting,	this	
provides	an	example	that	the	transition	to	Neolithic	econ-
omy	might	 have	 been	 a	 complex	 and	non-linear	 process	


























2003),	 but	has	 also	 been	part	 of	 land-use	 in	 river	 valleys	
from	NW	Germany	until	the	early	20th	century	(e.g.	Pott	
&	Hüppe	1991,	2001).	In	the	Jeetzel	valley	it	may	be	related	






The	 youngest	 zone	 D	 contains	 a	 significant	 share	 of	
Fagopyrum	 that	has	become	common	as	 cereal-substitute	
in	northern	Germany	during	the	12th–15th	century	(Behre	
2008,	 Beug	 2011).	This	 uppermost	 zone	 D	 probably	 con-
nects	 the	 channel	 record	 to	 the	 spectrum	 obtained	 from	
the	 uppermost	 part	 of	 the	 SOV1	 profile,	which	 probably	








The	application	 of	 geoarchaeological,	 chronological,	 geo-
chemical	and	palaeoecological	research	methods	on	an	on-
site	 record	 (Mesolithic	site	 situated	on	a	dune	ridge)	and	
the	near	off-site	 record	 (palaeochannel	at	 the	 foot	of	 the	
dune)	 allowed	 for	 a	 detailed	 reconstruction	 of	 the	 local	
environment	 since	 ~10.5  ka  cal  BP.	The	 combination	 and	
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